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(54) MULTIVISION SYSTEM, COLOR CALIBRATION METHOD AND DISPLAY 



(57) A multivision system (1) in which chromaticity 
sensors (4) for measuring the colorimetries of displays 
are provided, color conversion coefficients characteris- 
tic of the respective displays are calculated by a color 
conversion coefficient calculation unit (7) provided in a 
color calibration unit (5) in accordance with the results 
of the colorimetry measurement by the chromaticity 
sensors (4) and stored in a color processing unit (8). 



and the color calibration unit (5) displays representative 
colors without performing color conversion, determines 
target colors automatically in accordance with the 
results of the colorimetry of the respective colors of the 
respective displays and calculates the color conversion 
coefficients automatically so that the representative 
colors of all the displays agree with the target colors. 
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Description 

Technical Field 

5 [0001] The present invention relates to color calibration of a display device and a multi-vision system comprising a 
plurality of display units. 

Background Arts 

10 [0002] Rgs.16 and 17 from Japanese unexamined patent publication Hei7-72817 illustrate a part of the cross-sec- 
tional diagram and the block chart of an important part fa- the conventional multi-vision brightness control apparatus 
comprising the plurality of display units. 

[0003] Also. Fig. 18 is the flow chart showing an operation of the same multi-vision brightness control apparatus. 
[0004] Description to the numbered components indicated in Rgs.16 and 17 follows: a screen R1 ; a sensor R3 for 
75 detecting the brightness of an outer rim; a wall R5; a ceiling R6; a storage shelf R7; a skylight R31 ; a projection unit R8; 
a lens block R9 of the projection unit R8; a control board R10 of the projection unit R8; a Braun tube R1 1 of the projec- 
tion unit R8; a console panel R1 2 of the projection unit R8; and a lead wire R13 for transmitting signal of the sensor R3 
to the control board. 

[0005] There are a plurality of screens R1 and projection units R8. There are one projection unit R8 for every one of 
20 the screens R1 . An imagefrom the projection unit R8 is projected to the screen R1 . The sensor R3 is arranged at the 
outer rim of a screen frame, and the sensor R3 detects a beam brightness being illuminated to the screen frame. Bright- 
ness information detected by the sensor R3 is transmitted to the control board R10 via the lead wire R1 3, and the bright- 
ness information is stored and used for calculation for setting the brightness to the Braun tube R1 1 . 
[0006] Following is a detailed description for the operation of the multi-vision brightness control apparatus comprising 
25 the above-mentioned configuration with reference to Fig.18. 

[0007] Rrst of all, power on the multi-vision. Next, a content of a memory device inside a control circuit is cleared to 
0. and when a certain time has lapsed, a time counter t is cleared to 0. and the sensor R3 detects a surrounding bright- 
ness, and the brightness information of the surrounding is input to the control board R1 0 via the lead wire R1 3. The con- 
trol board R10 calculates a minimum brightness values of the Braun tube R1 1 so that it is easy to see responding to the 
30 surrounding brightness. A result of the calculation is inputted to the Braun tube, then brightness is set, and an image is 
projected to the screen. If the apparatus is turned off. a termination process is performed, and if the apparatus is not 
turned off, the process is repeated from the step of detecting the brightness. 

[0008] The multi-vision from the conventional example has performed the brightness control as described above. 
Since only information obtained from the sensor R3 is the brightness information, such that a brightness setting 
35 responding to a surrounding environment only at that instance is optimally set, and a control of the display color was 
not possible. 

[0009] Also, the sensor R3 of the conventional multi-vision is not set for each one of the screens, therefore, even if 
there is a difference in the display colors between the screens, the conventional multi-vision is unable to detect the dif- 
ference such that the color for every screen cannot be controlled, so the color is unevenly displayed as it is. 

40 [001 0] The present invention aims to adjust the display color of the display unit to a target color. 

[001 1] Also, the present invention aims to get rid of the differences in the display colors between the display units by 
adjusting the display colors of the plurality of display units of the multi-vision system to the same target color. 
[0012] Further, the present invention aims to improve the performance of the whole color adjustment by optimally 
selecting a target color which is a measure to the display color adjustment for a plurality of the display units of the multi- 

45 vision system. 

[0013] Furthermore, the present invention aims to perform the above-mentioned color calibration automatically elim- 
inating too much manual operations with a simply configured unit. 

Disclosure of the Invention 

so 

[0014] According to one aspect of the present invention, a multi-vision system including a plurality of display units 
comprises the fbllowings: a sensor for performing colorimetry of display colors from the plurality of display units; a color 
conversion coefficient calculation unit for calculating a color conversion coefficient to calibrate a display color of each 
display unit by using colorimetry values obtained from the sensor by performing the colorimetry for the display colors of 
55 the plurality of display units; and a color processing unit for performing a color conversion of the display color of each 
display unit by using a calculated color conversion coefficient from the color conversion coefficient calculation unit. 
[001 5] According to another aspect of the present invention, the multi-vision system includes the fallowings: the color 
processing unit which receives a signal of at least one of representing colors, and displays the representing color on the 
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display units without a color conversion; the sensor perform colorimetry for the representing color of the plurality of dis- 
play units displayed by the color processing unit; and the color conversion coefficient calculation unit calculates the 
color conversion coefficient of each display unit for color converting the representing color measured by the sensor to 
a predetermined target color, and outputs a calculated color conversion coeff icient to the color processing unit. 
5 [001 6] According to another aspect of the present invention, the multi-vision system includes the sensor which is posi- 
tioned inside the multi-vision system and in between non-display area of the plurality of display units. 
[001 71 .According to another aspect of the present invention, the multi-vision system includes the sensor which is posi- 
tioned outside of the multi-vision system. 

[0018] According to another aspect of the present invention, the multi-vision system includes the sensor which is 

w placed to be able to scan in parallel against the plurality of display units. 

[0019] According to another aspect of the present invention, the multi-vision system includes the color conversion 
coefficient calculation unit which decides a signal value of at least one of the representing colors, and takes a colorim- 
etry value that has a maximum common color reproduction region in a color reproduction region of the plurality of dis- 
play units as the target color of the representing color from within the colorimetry values of the representing color when 

75 displaying the representing color to the plurality of display units without a color conversion. 

[0020] According to another aspect of the present invention, the multi-vision system includes the color conversion 
coefficient calculation unit which displays the colorimetry value of at least one of the representing colors of the plurality 
of display units on a chromaticity coordinate, and decides the target color based on a specified chromaticity coordinate. 
[0021] According to another aspect of the present invention, the multi-vision system includes the color conversion 

20 coefficient calculation unit which decides a signal value of at least one of the representing colors, and takes a colorim- 
etry value that has a smallest chroma as the target color of the representing color from within the colorimetry values of 
the representing color when displaying the representing color to the plurality of display units without a color conversion. 
[0022] According to another aspect of the present invention, the multi-vision system includes the color conversion 
coefficient calculation unit which decides a signal value of at least one of the representing colors, and. as the target 

25 color of the representing color, takes an average value of the colorimetry values of the representing color when display- 
ing the representing color to the plurality of display units without a color conversion. 

[0023] According to another aspect of the present invention, the multi-vision system comprises a memory for storing 
a chromaticity value of the target color and a colorimetry value of each display unit. The multi-vision system includes 
the color conversion coefficient calculation unit which compares a chromaticity value obtained in a next calibration with 

30 one of the chromaticity value of the target color. and a colorimetry value of a previous caltoration, and the color conver- 
sion coefficient is calculated when there is a certain amount of difference between compared values. 
[0024] According to another aspect of the present invention, the multi-vision system comprises a memory for storing 
the chromaticity value of the target color and a colorimetry value of each display unit. The multi-vision system includes 
the color conversion coefficient calculation unit which compares the chromaticity value obtained in the next calibration 

35 with one of the previous colorimetry value and the chromaticity value of the target color, selects a display unit that has 
a certain amount of difference between the compared values, and calculates the color conversion coefficient of a 
selected display unit. 

[0025] According to another aspect of the present invention, a display unit, for displaying color by a mixture of primary 
colors comprises the followings: a sensor for performing colorimetry of a display color of the display unit; a color con- 

40 version coefficient calculation unit for calculating color conversion coefficients to calibrate the display color of the display 
unit by using the colorimetry value obtained from the sensor by performing colorimetry for the display color of the dis- 
play unit; and a color processing unit for performing a color conversion of the display color of the display unit by using 
a calculated color conversion coefficient from the color conversion coefficient calculation unit The display unit includes 
the followings: the color processing unit which receives a signal of at least one of the representing colors, and displays 

45 representing color on the display unit without a color conversion; the sensor which performs colorimetry for the repre- 
senting color on the display unit displayed by the color processing unit; and the color conversion coefficient calculation 
unit which calculates the color conversion coefficients of the display unit for color converting the representing color 
measured by the sensor to a pre-determined target color, and outputs calculated color conversion coefficients to the 
color processing unit 

so [0026] According to another aspect of the present invention, the display unit includes the color conversion coefficient 
calculation unit which calculates the color conversion coefficients by using a 3-dimensional space. 
[0027] According to another aspect of the present invention, the display unit includes the color conversion coeff icient 
calculation unit which calculates the color conversion coefficients by using XYZ tristimulus values of an obtained color 
from the mixture of three primary colors in an additive mixture of color stimuli model. 

55 [0028] According to another aspect of the present invention, a color calibration method of the multi-vision system 
including a plurality of display units comprises the following steps: a sensor step for performing colorimetry of display 
colors from the plurality of display units; a color conversion coefficient calculating step for calculating color conversion 
coefficients to calibrate a display color of each display unit by using colorimetry values obtained from the sensor by per- 
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forming the cotorimetry for the display colors of the plurality of display units measured by the sensor step; and a color 
processing step for performing a color conversion of the display color of each display unit by using calculated color con- 
version coefficients from the color conversion coefficient calculating step. 

[0029] According to another aspect of the present invention, the color calibration method of the mutli-vision system 
5 comprises the following steps: the color processing step which includes a step of receiving a signal of at least one of 
the representing colors, and a step of displaying the representing color on the display units without a color conversion; 
the sensor step which includes a step of performing colorimetry for the representing color of the plurality of display units 
displayed by the color processing step; and the color conversion coefficient calculating step which includes a step of 
calculating the color conversion coefficients of each display unit for color converting the representing color measured 
10 by the sensor to a pre-determined target color, and a step of outputting a calculated color conversion coefficient to the 
color processing step. 

Brief description of the drawings 



Fig. 1 is the whole block chart for embodiment 1 of the present invention. 
Fig.2 is the flow chart of color calibration process for embodiment 1 of the present invention. 
Rg.3 is the flow chart of color calibration process for embodiment 1 of the present invention. 
20 Fig.4 illustrates target color decided by the color calibration for embodiment 1 of the present invention. 

Fig.5 illustrates the target color decided by the color calibration for embodiment 1 of the present invention. 
Fig.6 is the whole block chart for embodiment 2 of the present invention. 
Fig.7 is the whole block chart for embodiment 3 of the present invention. 

Fig.8 is the flow chart of the color calibration process for embodiment 3 of the present invention. 
25 Fig.9 is the flow chart of the color calibration process for embodiment 3 of the present invention. 
Fig. 10 is the whole block chart for embodiment 4 of the present invention. 

Fig. 11 illustrates the target color decided by the color calibration and screen of display monitor shewing the result 
of colorimetry. 

Fig. 12 is the whole block chart for embodiment 5 of the present invention. 
30 Fig. 13 is the flow chart of color calibration process for embodiment 5 of the present invention. 

Fig. 14 is the flow chart of color calibration process for embodiment 5 of the present invention. 

Fig.15 is the flow chart for deciding calibration execution in embodiment 5 of the present invention. 

Fig. 16 illustrates the conventional multi-vision system. 

Fig. 17 fllustrates the conventional multi-vision system. 
35 Fig. 1 8 illustrates an operation of the conventional multi-vision system. 

Best Mode for Carrying out the Invention 



[0031] Embodiment lot the present invention is described below with reference to the drawings. 
[0032] Fig.1 shows the whole block chart of the multi-vision system comprising a color calibration function as one of 
the embodiments in the present invention. 

[0033] With reference to Fig.1 , the numbered components will be described: an outline 1 of the mufti-vision system; 
45 projector units 2; and screen units 3. Note that each one of the projector units 2 are corresponding with each one of the 
screen units 3. An analog image signal inputted to an expander 9 is enlarged and divided, and image signals are gen- 
erated for every one of the projector units 2. The image signals are inputted to the projector units 2 via color processing 
units 8. 

[0034] Also, chromaticity sensors 4 are set between the screen units 3. The chromaticity sensors 4 are positioned so 
so as to be able to perform colorimetry of corresponding projector units 2 for the color of the light source without color con- 
version by the color processing unit 8. A calibration unit 5 is configured from a color conversion coefficient calculation 
unit 7 and a system control unit 6. The system control unit 6 controls a series of color calibration processing by the pro- 
jector units 2, the chromaticity sensors 4, the color conversion coefficient calculation unit 7. and the color processing 
units 8. The color conversion coefficient calculation unit 7 decides a target color from XYZ tristimulus values of the light 
55 source of each projector unit 2. the XYZ tristimulus values are obtained at the chromaticity sensor 4. The color conver- 
sion coefficient calculation unit 7 calculates a color conversion coefficient used for identifying the colors of the light 
source to the target color for each one of the projector units 2. The calculated color conversion coefficients are stored 
at the color processing units 8, which are corresponding to the projector units 2, one-by-one. From hereinafter, one pro- 
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jector unit 2 and one screen unit 3 are taken as a set. and this set concept is taken as a display. 
[0035] Following is a detailed description of the embodiment 1 for the present invention. 

[0036] First, an outline of the color conversion for the multi-vision system at the color processing unit 8 is described, 
and this is followed by an outline on how to calculate the color conversion coefficients at the color conversion coefficient 
calculation unit 7. For the display unit being applied to an additive mixture of color stimuli model, equation 1 is applica- 
ble. The equation 1 shows that a color space of the display taking the additive mixture of color stimuli is a linear space. 
The equation 1 shows that the XYZ tristimulus values of Xc, Yc Zc of a color C, which is a mixture of the three primary 
colors R (red), G (green) and B (blue), is expressed in linear addition of the XYZ tristimulus values for each one of the 
three primary colors R. G and B. The tristimulus values of a primary color R are expressed as Xp Y p Z p the tristimulus 
values of a primary color G are expressed as Xg, Y g , Zg, and the tristimulus values of a primary color B are expressed 
asX^Zfr 

Equation 1 
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[0037] In this equation, a. p, and y are scalar quantities showing an intensity of light and these can be expressed as 
shown in equation 2. In the equation 2, Rj, Gd, and B d are digital input signals of R. G and B. In the equation 2. f p f g , 
fb. are functions that calculate the scalar quantities a. p. and yfrom the digital input signals of R. G and B. The scalar 
quantities a , p . and y show the intensity of light (brightness), that is. the ratio of the maximum luminous brightness for 
the individual primary colors, values 0-1 . 

a = f r (R d ) Equation 2 

P=f fl (G d ) 
Y = f b (Bd) 

[0038] When using the equations 1 and 2, and provided that the XYZ tristimulus values of the three primary colors R, 
G and B are known, the XYZ tristimulus values for the color C are calculated and obtained from the digital input signals 
(Rd.Gd.Bd) that display the color C. 

100381 The coefficients a. p, and y are the ratio of the maximum luminous brightness for the individual primary colors, 
and these are values between 0 to 1 . For cases of CRT (cathode ray tube) monitor or projector, f r ,f g ,f b are expressed 
in functions of higher order, however, for the purpose of simplicity, an optical device applicable in linear function is 
described hereinafter. Therefore, to normalize the input signals ranging, for instance, from digital values 0-255, the 
input signals are sinply divided by 255 and the coefficients o,p.and y are calculated this way. That is. 
a=R d /255,p=G d /255 l and ^3^55. 

[0040] Now. n is indicating the nth display unit, n is attached to a matrix of the equation 1 , and the equations 3. 4 and 
5 are defined as follows. 



so 



rye a 

' ^ nc 



Equation 3 



55 



[0041 ] The equation 3 defines a matrix expression of the XYZ tristimulus values for the color C of the nth display. 
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Equation 4 
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[0042] The equation 4 defines a matrix expression of the XYZ tristimulus values for the three primary colors R, G and 
B of the nth display. 



20 



Equation 5 



[0043] The equation 5 def ines a matrix expression for the ratio of the maximum luminous brightness (scalar quantities 
showing the intensity of light) for the individual primary colors of the nth display. 
25 [0044] When defined as mentioned above, the tristimulus values of the color C n for the nth display unit is expressed 
as shown in equation 6. 

[0045] The equation 6 is the equation 1 which are being expressed by using the matrix expressions of the equations 
3, 4 and 5. For equation 6 (and from hereinafter), the symbol " • " denotes a multiplication of the matrices. 

so C n = M n -D n Equation6 

[0046] As can be seen from the equation 6, M n represents a conversion matrix, from the digital values of the input 
signals for R. G and B, to the XYZ tristimulus values of the color. Even H the input signals are equal, when the displayed 
color is different depending on a display unit, this matrix M n will be respective of each display unit 

35 [0047] The color value C n expressed in the equation 6 is actually different for every display unit. Therefore, the color 
value C n needs to be approximately equal to a final display color by taking a correction of the signal value input to the 
projector unit, that is, the XYZ tristimulus values need to be approximately equal. To do this, the color conversion is per- 
formed at the color processing unit 8, by multiplying the input signal by the color conversion coefficient M rt , to give a 
color output of a common color reproduction region as shown in equation 7. The equation 7 multiplies the ratio for the 

40 maximum luminous brightness ratio (scalar quantities showing the intensity of light) for the individual primary colors by 
the color conversion coefficient M nt , for converting to a color of the common color reproduction region (a target color). 
Now, XYZ tristimulus values of the common color reproduction region are expressed in C|. 

C t = M n -M rt -D n Equation7 

45 

[0048] In the color caDbration of the present invention, the color conversion coefficient M rt is obtained and stored in 
the color processing unit 8. 

[0049] So, M nt can easily be calculated for the three primary colors R, G and B using the equation 7. When D n ' is the 
ratio of the maximum luminous brightness of separately displayed three primary colors R, G and B, the D n f is expressed 
so in a unit matrix as shown in equation 8. 
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[0050] The equation 8 is an expanded equation of the equation 5 showing the ratio of the maximum luminous bright- 
ness tor the three primary colors R. G and B that are separately displayed. 

[0051] f^Rf). fg(Gr). f b( B r) is the ratio of ^ e maxi™ 01 luminous brightness for the displayed primary color R. f,(Rg), 
f (GL), f b (Bg) is the ratio of the maximum luminous brightness for the displayed primary color G. fr(Rb). f g (Q>). WBb) is 
the ratio of the maximum luminous brightness for the displayed primary color B. Using the equation 8, that is, using the 
case that the D n * is an unit matrix, the XYZ tristimulus values of the common color reproduction region C t in the equation 
7 is expressed as below in equation 9. 



Equation 9 
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[0052] The equation 9 is the expanded equation of the equation 7 for a case when the three primary colors R, G and 
35 B are separately displayed, as in the case of the equation 8. Equation 10 is for calculating M nt which needs to be cal- 
culated in the end. Equation 10 is given by transforming the equation 9. 

M rt =M n - 1 -C t Equation 10 

ao [0053] The M n " 1 in the equation 10 shows an inverse matrix of M n . 

[0054] The equation 10 calculates the color conversion coefficient which needs to be calculated in the end. 
[0055] For a case of not using a maximum luminous brightness for individual primary colors, D n cannot be expressed 
in the unit matrix, therefore, each element value in the equation 8 must be specifically calculated. In this case, the equa- 
tion 10 turns out to be M rt = M n " 1 • C t • D n '" 1 . Here, " D n " 1 " is the inverse matrix of the matrix Dn\ 

45 [0056] As described above, the color calibration in the present system is to obtain the color conversion coefficients 
Mnt in the color processing unit Following below, a method of the color calibration executed by the system control unit 
6 will be described with reference to Figs.2 and 3. 

[0057] In normal image display, the color conversion is performed at the color processing unit 8. However, for color 
calibration, the image is displayed without performing the color conversion, therefore, the system control unit 6 sets no 

so color conversion mode to each color processing unit 8 (S1 0). 

[0058] Referring now to the colorimetry. for example, black (BK) is displayed first on the screen, and the pnmary colors 
R, G and B are displayed in this order. Here, the reason for displaying black (BK) is because a black drifting phenomena 
must be taken into account, and there is no need to display black (BK) H there is no need to take account of the black 
drifting phenomena. 

55 [0059] The input signal values (Rd .Gd .BJ for all the colors are; 

BK: (0. 0, 0) 
R: (255, 0. 0) 
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G: (0. 255. 0) 
B: (0. 0. 255) 

[0060] First, black (BK) is displayed to the display units all at the same time, and all of XYZ tristimulus values obtained 
s from the chromaticity sensors 4 of the display units are transferred to the color conversion coefficient calculation unit 7. 
In the color conversion coefficient calculation unit 7. a plurality of XYZ tristimulus values from a several number of meas- 
urements by the sensors are stored, and after completing the measurements for m times, an average value of XYZ tris- 
timulus values for each one of the display units is calculated for every display unrts(S1 1 ~S1 5). The calculated value is 
used when taking into account the black drifting phenomena which will be described later. Likewise, the above-men- 
10 tioned processing are performed to all of the primary colors R, G and B (S21-S25. S31-S35, S41-S45), and M n are 
calculated for R. G and B using the equation 4. The calculated M n are used in the equation 10 to calculate the color 
conversion coefficients M m . 

[0061] Next the target color is set at the color conversion coefficient calculation unit 7 (S50). At this time, as a method 
of setting the target color from all the colorimetry values, for each one of the representing colors (in this example the 
15 primary colors), the XYZ tristimulus values with a smallest chroma is set as XYZ tristimulus values of the target color 
C t . The method of deciding the colorimetry value with the smallest chroma is to measure the distances between the 
points and the achromatic axis which is expressed in a straight line, in a 3-dimensional XYZ space, and the point with 
a shortest distance is selected as the colorimetry value. 

[0062] Since the processing in the 3<Jimensional space is complex, therefore, as described below, the processing 
20 can be made easy by a projection to a 2^dimensional plane. However, this is only a close resemblance. The projection 
into the 2-dimensional plane, for example, is expressed by converting to x. y chromaticity coordinate shown in the equa- 
tion 1 1 . For example, provided that the XYZ tristimulus values of the representing color (primary color) R for the display 
unit n is expressed in (X^ Y np Z nr ). when this value is expressed in the chromaticity coordinate (x^ y nr . zj, the result 
is shown below in equation 1 1 . 

25 

x nr = X nr /(X nr+ Y nr+ Z nr ) Equation 11 

ym = Y m y(x nr+ Y nr+ z rtr ) 

30 z nr = ^ " X nr" v nr 

[0063] The equation 1 1 is said to be the projection into a unit plane of x+y+z=1 . In this chromaticity coordinate sys- 
tem, the achromatic axis becomes one of the points, and expressed in 2 variables. When this achromatic point is 
expressed as (xq ,y 0 ) in the coordinate, the value with the smallest chroma in the colorimetry values is the colorimetry 
35 value with the shortest distance from the achromatic point. When expressed using an equation, a point in the chroma- 
ticity coordinate (Xm, y nr ). having the minimum value calculated by equation 12, is taken as the chromaticity coordinate 
of the target color. 

1 = > nr -x 0 ) 2 +(y nr -y 0 ) 2 Equation 12 

40 

[0064] However, at this point, the XYZ tristimulus values (K^ Z*) cannot be decided identically. So. Y value is cho- 
sen and set from the XYZ tristimulus values. As one of the methods of doing so, Y nr from the (x^ y nr ) of the display n. 
which is calculated to be the smallest one from the equation 12, is adopted as h is. and then values of X^ Z^ are cal- 
culated. 

45 [0065] This process is similarly performed for the primary colors G and B. to obtain the XYZ tristimulus values (X^. 
Y tg , Ztg) and (X^. Y^ Z to ) for the target colors of the two primary colors. These XYZ tristimulus values are difficult to 
display in the 3-dimensional space, therefore, for the purpose of simplicity, the result when displaying these in the 2- 
dimensional x. y chromaticity diagram is shown in Fig.4. 

[0066] Also, for the purpose of simplicity. Fig.4 illustrates an example using three display units, and a diagram on left 
so shows the result of colorimetry, and the diagram on right shows the chromaticity coordinate of the decided target colors 
in black dots For example, for the primary color R of the three display units, the black dot • shows that R3 having 
the smallest chroma is chosen from the colorimetry values R1. R2 and R3 as the target color of the chromataicity coor- 
dinate. 

[0067] Another method of setting the target color is available as described below. From the XYZ tristimulus values of 
55 the colorimetry result for all of the n number of the display units, an average value (i.e. center of gravity) for all the rep- 
resenting colors are calculated, and the calculated value is set as the XYZ tristimulus values of the target color. For 
example, provided that the XYZ tristimulus values of the representing color R for the display unit n is expressed in (X^ 
Ynn 2^). the XYZ tristimulus values of the target color for the primary color R (X^ Y^ Z*) is shown in equation 13. 
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Equation 13 



[0068] The equation 13 calculatesthe average value (La center of gravity) of all the XYZ tristimulus values of the rep- 
15 resenting color R for the display unit 

[0069] This calculation is similarly performed for the primary colors G and B, to calculate the XYZ tristimulus values 
for their target colors (X tg . Y tg , Ztg) and (X^ Z to ). These XYZ tristimulus values are difficult to display in the 3-dimen- 
sional space, therefore, for the purpose of simplicity, Fig.5 shows the result of displaying these in the 2-dimensional x, 
y chromaticity diagram. 

20 [0070] Similar to Fig.4, for the purpose of simplicity, Fig.5 illustrates an example of the three display units, for which 
the diagram on left shows the colorimetry result and the diagram on right shows the chromaticity coordinate of the 
decided target colors in black dots For example, for the primary color R of the three display units, the black dot • 
on R shows the average value (center of gravity) of the colorimetry values R1 . R2 and R3. 

[0071 ] When the tristimulus values C, of the target color for the primary colors R, G and B are decided, the color con- 
25 version coefficients M nt are calculated based on each projector unit (S51). In this step, the black drifting phenomena 
needs to be taken into account. The black drifting is a slight luminance shown due to a dark current even when the dig- 
ital input signal R=G=B=0 is inputted, that is. even when black (BK) is being displayed. 
[0072] Considering an effect of the black drifting, the equation 1 is expressed as equation 1 4. 

so Equation 14 
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[0073] The equation 14 is the equation 1 which shows the XYZ tristimulus values of the color C when taking into 
account the effect of black drifting due to the dark current That is. the XYZ tristimulus values Xc. Y c . Zc of the color C 
which are the color obtained from a mixture of the three primary colors R, G and B. are linear addition of subtracted 

45 values of the XYZ tristimulus values Xk. Y k , of the dark current from the XYZ tristimulus values of the three primary 
colors. Here, as the scalar quantities which express the intensity of light, a, p and y are expressed as shown in equation 
15. In the equation 15. R* Qd. B d are the digital input signals of R. G and B in 8 bits. YtR^.Y^.Y^ are the luminous 
brightness for individual primary colors when taken into account the effect of the black drifting by the dark current. 
[0074] Y k is the luminous brightness by the dark current when displaying black (BK). Y p Y g , Y b are the maximum lumi- 

so nous brightness for individual primary colors. The equation 15 supposes that the optical device having the functions f p 
f g ,f b of the equation 2 being expressed in the linear function. 

a = (Y(R d )-Y H V(Y r -Y k ) = R d /255 Equation 15 

55 P = (Y(Gd)"Y k )/(Y g -Y k ) = Ga/255 

Y = (Y(B d )-Y k )/(Y b -Y k ) = B d /255 
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[0075] As descrfoed previously, rf the luminous brightness YCFy.YfG^.YfBd) of the individual primary colors that has 
taken into account the effect of the black drifting due to the dark current supposes the optical device that can use the 
functions f r .f g .f b using the linear function as in the equation 2, then the y(B^y{G^y(B^ are expressed by equation 
16. 



Equation 16 
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[0076] The equation 16 is for calculating the luminous brightness Y(Fy .YfGdJ.YfBd) of the individual primary colors 
when the effect of the black drifting due to the dark current is taken into account Therefore, the equation 15 calculates 
the scalar quantities <x.p and j (the ratio of the maximum luminous brightness of the individual primary colors) which 
express the intensity of light from the digital input signals of R, G and B when the luminous brightness 
YfRdJ.YCGcO.YfBd) of the individual primary colors calculated from the equation 16 are used upon taking into account 
the effect of the black drifting due to the dark current. In case of normal CRT monitor or projector, the equation 15 is 
expressed as equation 17. 

a « (f r(Rd)-Y k V(Y r -Y k ) Equation 17 

P=(f g (G d )-Y k )/(Y g -Y k ) 

YMMBJ-YkVCYb-Y,) 

[0077] The equation 1 7 express the scalar quantities a,p and y (the ratio of the maximum luminous brightness for the 
individual primary colors) which shows the intensity of light for the case of the CRT monitor or the projector when the 
luminous brightness cannot be calculated using the linear function. 

[0078] The equations 1 5. 1 6 and 1 7 are for descrtoing a,p and y in the equation 1 4. In case of considering the black 
drifting effect also, when the a,p and y are expressed in the equation 1 5, as mentioned after the equation 2, "to normal- 
ize the input signals ranging from digital values 0-255, the input signals are simply divided by 255 and the coefficients 
<x,p and y are calculated". In this way. the equation 10 is reached via the equations 8 and 9. 

[0079] When taking into account the effect of the black drifting due to the dark current, the color conversion coefficient 
M nt is obtained using the equation 1 0, M rt = M n 1 • C t . The conversion matrix M n is defined in equation 1 8. The XYZ 
tristimulus values of the target color C, is defined in equation 19. 
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X tg~ X tk X tb~ X tk 
Y tg~ Y tk Y tb" Y tk 

Z tg~ Z tk Z tb~ Z tk 



[0080] The equation 1 8 defines the equation 4 that takes into account the effect of black drifting due to the dark cur- 
rent, that is, it defines the matrix expression of the XYZ tristimulus values of the three primary colors R, G and B of the 
75 nth cfisplay. X^, Y,*, of the equation 18 are the XYZ tristimulus values for the case of displaying black (BK) to the 
nth display The equation 19 defines the equation 9 that takes into account the effect of black drifting due to the dark 
current, that is, it defines the matrix expression of the XYZ tristimulus values of the three primary colors R. G and B. X*. 
Yfc, Zfc of the equation 1 9 is the XYZ tristimulus values of black of the target color. 

[0081 ] Here, as for the XYZ tristimulus values (X*. Y*. Z^ of black of the target color, from the XYZ tristimulus values 
2 o (X^, Y^. Z^ of the target color black for each display unit, the XYZ tristimulus values with a largest Y^ is selected. 
[0082] When D n f cannot be expressed in the unit matrix, the equation 9 becomes C t =M n *M rt *D n \ therefore, 
the equation 10 becomes M ra = M n 1 • Ct • Dn ,1 . Here, the D n ^ 1 is the inverse matrix of the matrix D n . 
[0083] The calculated color conversion coefficient M nt of the display unit is stored in the color processing unit 8 (S52), 
and a test image is displayed (S53) and then the color calibration mode is completed. 
25 [0084] According to the present embodiment, in aiming for the target color of the representing colors for all of the dis- 
play units, the color calibration is executed. Also, in the present embodiment, by performing colorimetry of the displaying 
color from the plurality of display units, the target color is automatically calculated. 

[0085] Also, according to the present embodiment, the multi-vision system installs the chromaticity sensors for per- 
forming colorimetry of the plurality of display units, places the chromaticity sensors at the non-display area which is in 

30 between the plurality of the display units, and performs colorimetry of the light directly from the light source, therefore, 
the system enables to achieve the color calibration device without making the device too large in scale. 
[0086] Further, according to the present embodiment, the colorimetry value with the smallest chroma from the color- 
imetry values in the plurality of display units is chosen as the target color of the representing color, the target color is 
automatically set. a strict color calibration is automatically performed from a viewpoint of the chroma, therefore, problem 

35 of narrowing down of the color-reproduction region when just seeking for the common color reproduction region is 
solved. 

[0087] Furthermore, according to the present embodiment, the average value of the colorimetry values from the plu- 
rality of display units is taken as the target color for the representing color, so that the target color is automatically set 
for automatic color calibration, therefore, problem of narrowing down of the color reproduction region when just seeking 

40 for the common color reproduction region is solved. 

[0088] Furthermore, according to the present embodiment, when a target color is set beforehand, this embodiment 
can be applied to the color calibration having a single display unit In case that the color calibration is performed for the 
single display unit, the example is characterized by the color conversion coefficient calculation unit 7 which calculates 
the color conversion coefficient using the 3-dimensional space. That is, the example is characterized in calculating the 

45 color conversion coefficient using the XYZ tristimulus values for the color obtained by mixing the three primary colors 
based on the additive mixture of color stimuli model. 



Embodiment 2. 

so [0089] Embodiment 2 of the present invention will be described with reference to the drawing. 

[0090] Fig.6 is the whole block chart of the multi-vision system provided with the color calibration function, showing 
one of the embodiments in the present invention. 

[0091 ] The characteristic of embodiment 2 being different from embodiment 1 is that the positions of the chromaticity 
sensors 4 are outside of the multi-vision system, as illustrated in Fig.6. Unlike embodiment 1 . the sensor of the embod- 
55 iment 2 does not perform colorimetry of the light source, but it performs colorimetry for the colors of the screen unit 3. 
Also, the sensor in embodiment 1 is measuring a light leaking to outside of the screen, however, in the system of 
embodiment 2, a color at the screen center is measured by the sensor. The method of calibration is same as embodi- 
ment 1. 
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[0092] According to the present embodiment, since the chromaticity sensors, which perform colorimetry of the plural- 
ity of the display units, are placed outside of the multi-vision system, therefore, the sensors does not perform colorime- 
try for the light from the light source, but perform colorimetry for the display colors of the display units. And further, the 
positions where the colorimetry should take place can be set to the central parts of the display units, for this reason, an 
accurate colorimetry which further leads to an accurate color calibration becomes possible. 

Embodiment 3 

[0093] Embodiment 3 of the present invention will be described with reference to the drawings. 

[0094] Fig.7 is the whole block chart of the multi-vision system provided with the color calibration function, showing 

one of the embodiments in the present invention. 

[0095] The characteristic of embodiment 3 being different from embodiment 1 is that a smaller number of chromaticity 
sensors 4 than the number of display units are placed outside of the multi-vision system, as illustrated in Rg.7. TTiese 
chromaticity sensors 4 are arranged in a line on top a sensor unit 10. The number of chromaticity sensors 4 in the sen- 
sor unit 10 are same as the number of the display units that are aligned horizontally in one line. As illustrated in Rg.7, 
the sensor unit 10 is provided with a mechanism that scans in parallel to multi-vision, which is a direction A (the mech- 
anism not illustrated). While the sensor unit 10 scans the multi-vision in up and down directions, the sensor unit 10 per- 
forms colorimetry at a plurality of points for each screen unit. The colorimetry points in each screen unit 3 are shown in 
V in Rg.7. 

[0096] An operation of the system control unit 6 will be described below with reference to the flow charts of Rgs.8 and 
9. 

[0097] After setting the no color conversion mode to each color processing unit (S58), a position of the sensor unit 10 
is initialized (S59). To begin with, colorimetry are to be performed for the No.1 , No.2 and No.3 screen units 3 so the sen- 
sor unit is set to an uppermost position (S61). Next, the sensor unit 10 is moved and positioned to the line of a first color- 
imetry point K=0(S62). The colorimetry is performed as described in embodiment 1 . in the order of BK, R. G and B, and 
after the image signal of each color is inputted, the XYZ tristimulus values are loaded by the chromaticity sensor 4. 
Accordingly, when the first colorimetry is finished, the sensor unit 10 is again moved and positioned to a next line K=1 
and the colorimetry is performed. These processes are repeated to a line K=3 (S63-S66). In simplifying the drawing, 
the figure illustrates four colorimetry points for each screen unit 3. however, the points can be more or less than this. 
When the colorimetry for the uppermost level of the screen units 3 completes as described, the average value is calcu- 
lated from the XYZ tristimulus values of the representing color for each screen unit 3 (S67). Same processing are done 
at middle and lowermost levels, and then the colorimetry for all screen units 3 are completed (S71-S77, S81-S87). All 
the processing afterwards such as calculation of the target color and calculation of the color conversion coefficient are 
same as in embodiment 1 (S50-S53). 

[0098] According to the present embodiment, the chromaticity sensors for performing colorimetry of the colors of the 
plurality of display units are aligned in the sensor unit outside the multi-vision system, and the sensor unit scans the 
multi-vision in parallel to perform colorimetry of the display colors for all the display units, therefore, colorimetry of all 
display units using a less number of chromaticity sensors becomes possible. 

[0099] In entKXiiment 3. the scanning direction by the sensors illustrated is only 1 dimensional in the direction of A, 
however, 2-dimensional scanning can also be performed by installing the scanning mechanism in parallel to the multi- 
vision and in a direction 90 degrees to the direction A. 

[0100] Also, in embodiment 3, the colorimetry values of all colorimetry points are being averaged out. However, a 
position of the'colorimetry point is freely decided in the screen unit, and the one point only may be used as the colorim- 
etry value. Or instead, an averaged value of the plurality of the arbitrary colorimetry points may be used. 

Embodiment 4. 

[0101] Embodiment 4 of the present invention is described with reference to the drawings. 

[0102] Rg.10 is the whole block chart of the multi-vision system provided with the color calibration function, showing 
one of the embodiments in the present invention. 

[01 03] The characteristic of embodiment 4 bei ng different from embodiment 1 is. that the colorimetry values (XYZ tris- 
timulus values) of the primary colors BK, R. G and B for each screen unit 3 are displayed in 3-dimensional coordinates 
20 of a display monitor 1 1 connected to the system control unit 6 upon setting the target colors, as illustrated in Rg.10. 
An operator can recognize colorimetry results for each screen unit 3 from the display monitor 1 1 . and the operator can 
set the target color of each primary color using a pointing device such as mouse 12. 
[01 04] A method of setting the target color is described with reference to Rg.1 1 . 

[0105] Rg.1 1 illustrates two of the screens of the display monitor 1 1 connected to the system control unit 6. 

[01 06] The screen on the left illustrates a status prior to deciding the target color, and the screen on the right iDustrate 
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a status after the target color has been decided. The colorimetry results for each screen unit are illustrated on the 3- 
dimensional coordinates 20. The 3-dimensional coordinates can rotate. In Rg.11. for the purpose of simplifying the 
drawing, the colorimetry results from the two screen units are being displayed. The operator can see the colorimetry 
results on the 3<Dmensional coordinates 20. when setting the target color to have a maximum common color reproduc- 
tion region for all the screen units, for example. When a button R is clicked using the mouse 12, a letter R and a black 
dot appears on the 3-dimensional coordinated 20. Using the mouse 12. the operator can drag the black dot "•" on 
the 3-dimensional coordinates 20. At this time, when a position of the black dot is difficult to see on the 3-dimensional 
display from a particular direction, then a rotate button 26 is clicked using the mouse 1 2. so that the coordinate system 
will rotate. A several display patterns of the coordinate system are available, and every time the rotate button is clicked, 
the displayed coordinate system is changed to a next display pattern. Also, when it is diff icutt to set a point in the 3- 
dimensional space, then a limitation can be installed so that the XYZ tristimulus values of the target color is set only on 
sides and apexes of triangles formed by connecting three colorimetry values of the representing colors for each screen 
unit. 

[01 07] After the operator has dragged the black dot to a XYZ tristimulus values point of the target color, when the 
select button 24 is clicked, the target color is decided for R as a coordinate value of the black dot The target color 
is decided in the same manner for G and B. and when the end button is clicked, a triangle will be displayed with apexes 
indicating the XYZ tristimulus values of the target color, and the operator can recognize the target color that has been 
decided. This situation is illustrated on the right hand side of Fig.1 1 . All other processing such as calculation of the color 
conversion coefficient is same as embodiment 1. 

[01 08] On the other hand, without relying on the operator, the target color is also decided automatically. 
[0109] According to the present embodiment, in the color reproduction region for all the display units, the target color 
is set so that the common color reproduction region can be maximum, such that the target color can be displayed by all 
the display units, and a strict color calibration becomes possible this way. 

[01 1 0] Also, according to the present embodiment, the operator recognizes the colorimetry results for all the display 
units appearing on the attached display monitor and decides the target color, therefore, the common color reproduction 
region for most of the display units can be set to the maximum simply by looking into the monitor. 

Embodiment 5 

[01 1 1 ] Embodiment 5 of the present invention is described with reference to the drawings. 

[01 1 2] Fig. 1 2 is the whole block chart of the multi-vision system provided with the color calibration function, showing 
one of the embodiments in the present invention. 

[01 1 3] The characteristic of the present invention being different from embodiment 1 is that the XYZ tristimulus values 
of the previous colorimetry is referred for a calibration from two times when setting the target color, and if there is a large 
difference between the present XYZ tristimulus values and the previous tristimulus values, then the calibration is exe- 
cuted. 

[01 14] An algorithm for deciding the execution of the calibration is described below with reference to the flow charts 
of Figs. 13 and 14. 

[01 1 5] Except for step S46. Figs. 13 and 1 4 are same as Figs.2 and 3. The decision of whether to execute calibration 
or not in step S46 is done prior to the calculation of the target color (S50). A specific content of this decision is described 
according to the flow chart of Fig. 15. 

[01 1 6] First, for the XYZ tristimulus values of the primary colors from the previous color calforation is stored in a mem- 
ory, a matrix taking into account the black drifting is expressed in equation 20 as M„|. 

Equation 20 



M nl = 



X nrl" X nkl X ngl" X nkl X nbl~ X nkl 
Y nrl " Y nkl Y ngl " Y nkl Y nbl " Y nkl 
\, Z nrl " Z nkl Z ngl " Z nkl Z nbl ~ Z nkl J 



[01 1 7] The equation 20 defines a matrix expression of the XYZ tristimulus values of the three primary colors R, G and 
B for a previous nth display, taking into account the black drifting due to the dark current. 
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[0118] Also, the XYZ tristimulus values of the previous target color is expressed in a matrix of equation 21 as Cg. 
Equation 21 



c ti= 



10 



X trl " X tkl 
Y trl" Y tkl 
l^ Z trl~ Z tkl 



X tgl" X tkl 
Y tgl" Y tkl 
Z tgl~ Z tkl 



X tbl 


A tkl 


Y tbl 


" Y tkl 


Z tbl 





is [0119] The equation 21 defines a matrix expression of XYZ tristimulus values of the target color from the previous 
three primary colors R, G and B for the case of taking into account the black drifting due to the dark current 
[01 20] Also, the matrix M n that takes into account the black drifting of the XYZ tristimulus values of the primary colors 
for the present colorimetry is expressed in the equation 1 8, and the target color C t is expressed in the equation VS. 
[0121] At first M n ,-M n is calculated from the previous colorimetry value and the present colorimetry value, and the 

20 calculated value D Mn is expressed in equation 22 

Equation 22 

d nll d n21 d n31 > 

d nl2 d n22 d n32 

d nl3 d n23 d n33; 



25 

D H„=" n l- B n = 



[0122] The equation 22 defines a difference of M n! calculated from the previous colorimetry result of the equation 20 
and M n calculated from the present colorimetry result of the equation 18. 
35 [0123] Decision 1 decides whether the following condition is met "in all display units there are no absolute value of 
element of matrix D Mn which exceeds a threshold value th1 Equation 23 expresses this condition. 

Idn^^thl Equation 23 

40 [01 24] The equation 23 shows that the absolute value of element of matrix D Mn is smaller than a threshold value th1 . 
[0125] Decision 2 decides whether the following condition is met Tor all display units, calculate addition of the abso- 
lute value of elements of matrix D Mn as a decision parameter P1 and the decision parameter P1 does not exceed a 
threshold value th2". Equation 24 expresses this condition. 

45 

P1 = ££|dn 8 |£th2 Equation 24 

i J 



so [0126] The equation 24 shows that the addition of the absolute values of elements of matrix D Mn is smaller than the 
threshold value th2. 

[0127] When both decisions 1 and 2 are met. it is decided that the present colorimetry result is no different from the 
previous colorimetry result, so the color calibration is not executed. 

[01 28] Decision 3 decides whether the following condition is met "a number of display units that did not meet the equa- 
55 tion 23 do not exceed a threshold value th3". When there are more display units that did not meet the equation 23. that 
is. when there are more display units that had change to a certain extent calibration is executed as normal. 
[01 29] Decision 4 decides whether the following condition is met "a number of display units that did not meet the equa- 
tion 24 do not exceed a threshold value th4\ When there are more display units that did not meet the equation 24. that 
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is. when there are more display units that had change to a certain extent, calibration is executed as normal. 

10130] Decision 5 calculates C„-M n for comparing the XYZ tristimulus values of the previous target color and the 

present coiorimetry value, and the calculated value Dq, is expressed in equation 25. 

Equation 25 

\ 

c nll c n21 c n31 
c nl2 c n22 c n32 
c nl3 c n23 c n33> 



D Cn= C tl- M n = 



[0131] The equation 25 defines a difference of the XYZ tristimulus values of matrix Ct, for the previous target color 
(equation 21) and the present coiorimetry result M n (equation 18). 

[0132] Decision 5 decides whether the following condition is met "for all display units, calculate addition of absolute 
value of elements of matrix D Cn factor as a decision parameter P2, and the decision parameter 92 does not exceed a 
threshold value th5". This is specifically expressed in the equation below. 



P2 = ££|cn ,j|<:th5 Equation 26 



i j 



[0133] The equation 26 shows that the addition of the absolute values of elements of matrix D Cn of the equation 25 
is smaller than the threshold value th5. 

[01 34] If the decision 5 is "yes", color calibration is executed to display units other than the display units that rave met 
all of the equations 23. 24 and 26. At this time, the color conversion coefficient is calculated using the previous value 
C t j as the target color. 

[01 35] According to the present embodiment, a coiorimetry value of each display unit and a chromaticity value of the 
target color is stored in the memory, and a next coiorimetry value obtained for the next calibration is compared with a 
previous coiorimetry value, or with the chromaticity value of the target color, then only when there is a difference to a 
certain extent between the compared values the calibration is executed, such that an unnecessary processing is not 
involved. 

[0136] Also, according to the present embodiment, a coiorimetry value of each display unit and a chromaticity value 
of the target color are stored in the memory, and a next coiorimetry value obtained for the next calibration is compared 
with a previous coiorimetry value, or with the chromaticity value of the target color, and the display unit with a difference 
in the compared values to a certain extent is selected automatically, and only for the selected display unit the color cal- 
ibration is performed, such that unnecessary processing is not involved. 
[01 37] Followings are the related technologies. 

(1) The Japanese unexamined patent publications hei9-27916. hei6-311428. hei5-119752, and hei7-191649 dis- 
close techniques on a color adjustment of color image, however, none of these publications contain configuration 
of the coiorimetry sensor, and therefore, does not have the characteristic of the present invention that uses the 
coiorimetry sensor which performs coiorimetry of the color of the display unit for the color adjustment 

(2) Arrangement of the sensors disclosed in Japanese unexamined patent publication sho63-261327 is similar to 
the present invention, however, the following points are considered different. 

As a color calibration, the present invention combines all three properties of the color (lightness/chroma/hue), 
however, the disclosed content of Japanese unexamined patent publication sho63-261 3276 is an adjustment of the 
hue only. 

The present invention develops the color calibration for the multi-vision comprising a plurality of the display 
units so that the target color is set automatically, however, the disclosed content of Japanese unexamined patent 
publication sho63-261 327 is the color adjustment for a single display unit only. 

(3) Japanese unexamined patent publication hei4-243393 describes the chromaticity sensor, however, this is for 
measuring a color temperature of extraneous light and differs from the coiorimetry sensor of the present invention 
in a point that it does not perform coiorimetry for the color of the dsplay. 
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(4) Sensor mentioned in Japanese unexamined patent publication heiS-236371 is for detecting the change in the 
brightness in a periphery of TV receiver, and this is different from the sensor of the present invention which per- 
forms colorimetry of the display unit 

(5) The disclosed content of Japanese unexamined patent publication heiS-236371 is for adjusting a color for cam- 
5 era. and the sensor mentioned in the disclosed content of Japanese unexamined patent publication heiS-236371 

calculates the colorimetry value from a photometry- result at capturing of images, and the information is used as a 
color correction information upon printing. That is, it discloses performing of the colorimetry and the correction of 
extraneous light upon imaging. The present invention is for performing correction to a color characteristic of the 
machine itself called display. Therefore, the present invention can adjust the color so that the output from a plurality 
10 of devices will all be the same color. 

Industrial Applicability 

[01 38] According to the present invention, rt performs colorimetry for the representing color displayed in a display unit 
is without the color conversion, calculates the color conversion coefficients so that the color of the display unit will be the 
target color, and stores to the color processing unit, therefore, the color calibration is automatically performed, as a 
result, the display unit can convert and display the aiming target color or the color close to the target color. 
[0139] Also, according to the present invention, for the multi-vision system comprising a plurality of the display units, 
the representing colors are displayed on the plurality of the display units without the color-conversion. The color conver- 
se sion coefficient is calculated from the colorimetry results so that the representing colors of the display units will be the 
target color, and is stored to the color processing units, therefore, the color calibration is automatically performed, and 
as a result, the plurality of the display units can convert color and can display the aiming target color or the color close 
to the target color. 

[0140] Further, according to the present invention, the sensors are installed inside the multi-vision such that the color 
25 calibration device is implemented without making the device large more than necessary and at a low cost. 

[0141] Furthermore, according to the present invention, the sensors are placed outside of the multi-vision, therefore, 
it can perform colorimetry for the color of the display units and not the light source, and further the position for colorim- 
etry can be set to the central part of the display units, such that the accurate colorimetry which leads to the accurate 
color calibration becomes possible. 
30 [0142] Furthermore, according to the present invention, the sensors are placed outside of the multi-vision to scan the 
multi-vision in parallel, therefore, colorimetry of all the display units using a smaller number of sensors than the number 
of the display units becomes possible, such that the cost can be reduced. Also, the colorimetry point of single display 
unit can be shifted for performing colorimetry, so that when taking the average value of the colorimetry values, it 
becomes possible to correct an unbalance in the single display unit, and the color calibration can be performed by 
35 focusing on the arbitrary point. 

[0143] Furthermore, according to the present invention, the aiming target color is decided from the colorimetry results 
of all the display units so that the common color reproduction region of all the display units are set to maximum, and 
because the target color is the color which can be displayed by all the cOsplay units, a strict color calibration will become 
possible. 

40 [0144] Furthermore, according to the present invention, the aiming target color is decided by the operator recognizing 
the colorimetry results of all the display units displayed on the attached display monitor, therefore, setting the common 
color reproduction region of most display units are visually set to maximum. 

[0145] Furthermore, according to the present invention, the colorimetry value with a smallest chroma is automatically 
set from the colorimetry results of all display units, therefore, from a viewpoint of chroma, a strict color calibration is 
45 automatically performed, and problem of narrowing down of the color reproduction region when simply seeking for the 
common color reproduction region is solved. 

[0146] Furthermore, according to the present invention, the average value (center of gravity) of the colorimetry values 
for all display units are automatically calculated from the colorimetry results of all display units, and aiming target color 
is set this way, therefore, the color calibration is performed automatically such that the problem of narrowing down of 

so the color reproduction region when simply seeking for the common color reproduction region is solved. 

[0147] Furthermore, according to the present invention, the colorimetry results of all display units and the XYZ tris- 
timulus values of the target color are stored in the memory, and by comparing with the next colorimetry results, calibra- 
tion is executed only when the calibration need to be executed such that unnecessary processing is not involved. 
[0148] Furthermore, according to the present invention, the colorimetry results of all display units and the XYZ tris- 

55 timulus values of the target color are stored in the memory, and by comparing with the next colorimetry results, calibra- 
tion is executed for the display units that need to be executed such that unnecessary processing is not involved. 
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Claims 

1 . A multi-vision system including a plurality of display units, comprising: 

a sensor for performing colorimetry of display colors from the plurality of display units; 
a color conversion coefficient calculation unit for calculating a color conversion coefficient to calibrate a display 
color of each display unit by using colorimetry values obtained from the sensor by performing the colorimetry 
for the display colors of the plurality of display units; 

a color processing unit for performing a color conversion of the display color of each display unit by using a cal- 
culated color conversion coefficient from the color conversion coefficient calculation unit 

2. The multi-vision system according to claim 1 , 

wherein the color processing unit receives a signal of at least one of representing colors, and displays the repre- 
senting color on the display units without a color conversion; 

wherein the sensor perform colorimetry for the representing color of the plurality of display units displayed by the 
color processing unit; and - 
wherein the color conversion coefficient calculation unit calculates the color conversion coefficient of each display 
unit for color converting the representing color measured by the sensor to a pre-determined target color, and out- 
puts a calculated color conversion coefficient to the color processing unit 

3. The multi^vision system according to claim 2, wherein the sensor is positioned inside the multi-vision system and 
in between non-display area of the plurality of display units. 

4. The mufti-vision system according to claim 2, wherein the sensor is positioned outside of the multi-vision system. 

5. The multi-vision system according to claim a wherein the sensor is placed to be able to scan in parallel against the 
plurality of display units. 

6. The multi-vision system according to claim 2, wherein the color conversion coefficient calculation unit decides a sig- 
nal value of at least one of the representing colors, and takes a colorimetry value that has a maximum common 
color reproduction region in a color reproduction region of the plurality of display units as the target color of the rep- 
resenting color from within the colorimetry values of the representing color when displaying the representing color 
to the plurality of display units without a color conversion. 

7. The multi-vision system according to claim 2, wherein the color conversion coefficient calculation unit displays the 
colorimetry value of at least one of the representing colors of the plurality of display units on a chromaticity coordi- 
nate, and decides the target color based on a specified chromaticity coordinate. 

8. The multi-vision system according to claim 2, wherein the color conversion coefficient calculation unit decides a sig- 
nal value of at least one of the representing colors, and takes a colorimetry value that has a smallest chroma as the 
target color of the representing color from within the colorimetry values of the representing color when displaying 
the representing color to the plurality of display units without a color conversion. 

9. The multi-vision system accorcJing to claim 2. wherein the color conversion coefficient calculation unit decides a sig- 
nal value of at least one of the representing colors, and, as the target color of the representing color, takes an aver- 
age value of the colorimetry values of the representing color when displaying the representing color to the plurality 
of display units without a color conversion. 

10. The multi-vision system according to claim 2 comprising a memory for storing a chromaticity value of the target 
color and a colorimetry value of each display unit, 

wherein the color conversion coefficient calculation unit compares a chromaticity value obtained in a next calibra- 
tion with one of the chromaticity value of the target color and a colorimetry value of a previous calibration, and the 
color conversion coeff icient is calculated when there is a certain amount of difference between compared values. 

11. The multi^vision system according to claim 2 comprising a memory for storing the chromaticity value of the target 
color and a colorimetry value of each display unit 

wherein the color conversion coefficient calculation unit compares the chromaticity value obtained in the next cali- 
bration with one of the previous colorimetry value and the chromaticity value of the target color, selects a display 
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unit that has a certain amount of difference between the compared values, and calculates the color conversion 
coefficient of a selected display unit. 

12. A display unit, for displaying color by a mixture of primary colors, comprising: 

a sensor for performing colorimetry of a display color of the display unit; 

a color conversion coefficient calculation unit for calculating color conversion coefficients to calibrate the dis- 
play color of the display unit by using the colorimetry value obtained from the sensor by performing colorimetry 
for the display color of the display unit; 

a color processing unit for performing a color conversion of the display color of the display unit by using a cal- 
culated color conversion coefficient from the color conversion coefficient calculation unit; 
wherein the color processing unit receives a signal of at least one of the representing colors, and displays rep- 
resenting color on the display unit without a color conversion; 

wherein the sensor performs colorimetry for the representing color on the display unit displayed by the color 
processing unit; and 

wherein the color conversion coefficient calculation unit calculates the color conversion coefficients of the dis- 
play unit for color converting the representing color measured by the sensor to a pre-determined target color, 
and outputs a calculated color conversion coefficient to the color processing unit 

1 3. The display unit according to claim 12, wherein the color conversion coefficient calculation unit calculates the color 
conversion coefficients by using a 3-dimensional space. 

14. The display unit according to claim 13, wherein the color conversion coefficient calculation unit calculates the color 
conversion coefficients by using XYZ tristimulus values of an obtained color from the mixture of three primary 
colors in an additive mixture of color stimuli model. 

15. A color calibration method of the multi-vision system including a plurality of display units, comprising: 

a sensor step for performing colorimetry of display colors from the plurality of display units; 
a color conversion coefficient calculating step for calculating color conversion coefficients to calibrate a display 
color of each display unit by using colorimetry values obtained from the sensor by performing the colorimetry 
for the display colors of the plurality of display units measured by the sensor step; and 
a color processing step for performing a color conversion of the display color of each display unit by using cal- 
culated color conversion coefficients from the color conversion coefficient calculating step. 

16. The color calibration method of the mutli-vision system according to claim 15, 

wherein the color processing step includes a step of receiving a signal of at least one of the representing colors, 
and a step of displaying the representing color on the display units without a color conversion, 
wherein the sensor step includes a step of performing colorimetry for the representing color of the plurality of dis- 
play units displayed by the color processing step; and wherein the color conversion coefficient calculating step 
includes a step of calculating the color conversion coefficients of each display unit for color converting the repre- 
senting color measured by the sensor to a pre-determined target color, and a step of outputting a calculated color 
conversion coefficient to the color processing step. 
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Fig.2 
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Fig.3 
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Fig. 8 
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Fig. 9 
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Fig. 14 
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